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A part of diﬀerent countries’ budget in the world annually is spent on the restoration and reconstruction of pavements damages.
Hence, by increasing the quality of hot mix asphalt, the pavement researchers are constantly trying to improve the quality of hot mix
asphalt, greatly reduce the incidence rate of damages in the roads and delay the incidence time as much as possible. Many studies show
that the quality of hot mix asphalt can be improved by using additives. Nano Al2O3 is studied as an additive in this research and also, in
order to improve the hot mix asphalt strength against the damages, the type of stone mastic asphalt is examined. Stone materials gra-
dation used in this study is the average gradation proposed by Asphalt Pavement Regulation of Iran Roads (Publication 234) for stone
mastic asphalt with a maximum aggregate nominal size of 20 mm. The bitumen consumed is bitumen 60–70 in Tehran Pasargad Oil
Processing Complex. In order to prevent the draindown phenomenon in stone mastic asphalt which occurred according to the space
between aggregates, the cellulose ﬁbers with the amount of 0.3% hot mix asphalt weight are used to produce the hot mix asphalt.
The eﬀect of Nano Al2O3 additive on dynamic performance of stone mastic asphalt is investigated through dynamic creep test, wheel
track test and indirect tensile fatigue test. Results show that addition of diﬀerent percentages of Nano Al2O3 is capable to improve
the dynamic performance of stone mastic asphalt, signiﬁcantly.
 2016 Chinese Society of Pavement Engineering. Production and hosting by Elsevier B.V. This is an open access article under the CCBY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The asphalt concrete is one of the materials widely used
for pavement of roads and airports. The researchers and
engineers are constantly trying to improve the performance
of asphalt pavements. The pavement of roads as the sur-
faces that are exposed to the frequent loadings of heavy
axes should have enough strength against the fatigue,
cracking, creep and skid resistance [1].http://dx.doi.org/10.1016/j.ijprt.2016.11.004
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asphalt, Int. J. Pavement Res. Technol. (2016), http://dx.doi.org/10.1016/j.ijpHot mix asphalt in the pavement structure is used as a
surface layer to distribute the stress caused by the loading
and protect the unprotected bottom layers against water
eﬀect. Hot mix asphalt should be resistant against the
weather eﬀects and stand up against the permanent defor-
mation and cracks caused by loading and environmental
factors in order to be able to do both duties eﬃciently in
pavement design lifetime [2].1.1. Stone mastic asphalt
Stone mastic asphalt is gap-graded hot mix asphalt
consisting of two parts of coarse aggregate and bitumen-
ﬁlled mortar (bitumen mix, ﬁller and stabilizing additives).
This hot mix asphalt should have coarse aggregatehosting by Elsevier B.V.
ommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. A view of the rutting occurrence in asphalt pavement.
2 A. Chelovian, G. Shafabakhsh / International Journal of Pavement Research and Technology xxx (2016) xxx–xxxstructure with stone on stone contact. In this type of hot
mix asphalt, the stones are referred to the materials left on
the 4.75 mm sieve, also 2.36 mm sieve can be used for this
purpose [3].
Stone mastic asphalt is mainly used as binder course and
the crowded roads with heavy axial load. This hot mix
asphalt due to the use of high-grade and 100% crushed
materials, relatively high consumption of the aggregates
larger than 4.75 mm compared to the continuous-graded,
with stone on stone contact structure which increases the
strength and resistance of hot mix asphalt against rutting
and permanent deformations and because of the relatively
high consumption of bitumen, has reliability and higher
durability.
Bitumen used in the stone mastic asphalt should be as
the classiﬁed pure bitumen according to penetration
degree, or functional or modiﬁed bitumen. The amount
of consumed bitumen in these mixtures is at least 6% and
usually more than the amount of bitumen in continuous-
graded hot mix asphalts. The reason for the high consump-
tion of bitumen in the mixtures is the gap-gradation and
relatively large amount of ﬁller. In order to prevent the
phenomenon of separation or draindown, the stabilizing
additives can be used. Any additives that can cause any
improvement by promoting the properties of bitumen or
bitumen mortar used in stone mastic asphalt in one or
more of the following cases can be used [3]:
I. The permanent deformation.
II. Fatigue & Low Temperature Cracking.
III. Economic issues, particularly the reduction of
required thickness to design.
1.2. Damages of asphalt pavements
Pavements are usually aﬀected by various factors which
have eﬀect on their life. Since a road is passing through dif-
ferent areas with diﬀerent traﬃc volumes, traﬃc types and
rainfall rates, therefore, the ﬂaws and defects occur in dif-
ferent points of the road which will result in the road rapid
damage in the case of lack of attention, evaluation and
restoration.
Among the most important damages that occurred dur-
ing the useful life of the pavement, the permanent deforma-
tions in the vehicles’ wheel track (rutting) and the cracks
caused by the fatigue can be mentioned. Since for restora-
tion and reconstruction these ﬂaws and defects, high costs
should be spent, so the early prevention is usually more
aﬀordable. In order to avoid such damages, the pavement
materials should be selected as they have adequate strength
and stability [4].
Deep wheel track (rutting) is the permanent deformation
of pavement layers that can be increased with the passage
of time. Deep wheel track resulted from the deformation
in one or several layers of the asphalt pavement. On the
one side, there is a deformation that is limited to thePlease cite this article in press as: A. Chelovian, G. Shafabakhsh, Laboratory
asphalt, Int. J. Pavement Res. Technol. (2016), http://dx.doi.org/10.1016/j.ijpsurface layer which is called ‘‘surface rutting”, while in
another side, there is a deformation in which the main part
of the deformation occurred in the sub base layer and is
called the structural rutting [5]. A view of the deep wheel
track is shown in Fig. 1.
Evaluation of asphalt concrete mixtures in order to pro-
tect them against the phenomenon of wheel track rutting
has become an important research ﬁeld in recent years.
This type of damage occurs as a result of consolidation
and compaction of hot mix asphalt after the construction
and development of plastic deformation caused by the pas-
sage of vehicle wheels over time [6].
The cracks caused by fatigue usually occur where the
asphalt pavement is aﬀected by the frequent aﬀected
loading. Cracking is directly related to the increased ten-
sile strain under the asphalt layer and begins when the
strain passes the threshold limit. Despite the eﬀorts
taken, determining the amount of this threshold limit
has not been successful. The fatigue process includes
three steps:
I. Start of damage with fatigue cracks.
II. Cracks growth in the uncracked areas to the pave-
ment component weakening step.
III. Final and sudden failure of pavement component.
Fatigue lifetime of a sample or component is the number
of repetitions required for the sample failure and depends
on many variables such as stress value, stress direction,
the waveform and oscillation, the weather conditions and
construction conditions. Small changes in the sample posi-
tion might cause signiﬁcant changes in the structure fatigue
behavior and this is complicated the scientiﬁc and mathe-
matical prediction of this phenomenon. Hence, the design-
ers use their experiences on practical samples more than
laboratory studies. However, the laboratory studies are
essential to understand the material behavior and these
tests can result in a design measure.evaluation of Nano Al2O3 eﬀect on dynamic performance of stone mastic
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Table 1
Stone materials gradation used in this study for stone mastic asphalt.
Sieve size (mm) Lower limits (%) Upper limits (%) Passing (%)
19 100 100 100
12.5 90 100 95
9.5 50 80 66
4.75 20 35 28
2.36 16 24 20
0.075 8 11 10
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In recent years, in order to increase the ﬂexibility of
pavements as well as their increased strength against
destructive factors such as fatigue and permanent deforma-
tions, the additives with the potential to improve the
mechanical properties of asphalt pavements are used to
produce the hot mix asphalt [7]. The pavement perfor-
mance improvement is possible using two methods:
 Performance improvement using modiﬁed bitumen.
 Performance improvement using hot mix asphalt
modiﬁcation.
In recent years, the increasing cost of restoration and
reconstruction of pavements of roads and airports which
is caused by the increased amount and frequency of traﬃc
loads applied to the pavements, has led to the comprehen-
sive studies in using the additives to produce the hot mix
asphalt to enhance their ability against the dynamic loads.
The low strength of pavements against dynamic loads and
their short life service is one of the main problems in the
protection and maintenance of roads [8].
1.4. The purpose of research
This study aimed to evaluate the eﬀects of using Nano
Al2O3 in the stone mastic asphalt, to present the proper
solutions to increase the asphalt pavement strength against
the dynamic loads and therefore, preventing the rutting
and fatigue in them.
2. Previous studies
Many studies in Iran and other countries have been con-
ducted on the application of nano-materials to improve the
performance of bitumen, hot mix asphalt and stone mastic
asphalt, of which some are mentioned in the following.
Ghasemi et al. in a study modiﬁed the stone mastic
asphalt using nano-SiO2 powder. They used 5% nano to
produce hot mix asphalt and used Marshall Method as
the pattern to produce the samples and mix design. The
results showed that stone mastic asphalt modiﬁed with
1% nano-SiO2 has the best performance against dynamic
loads [9].
Yen and Chen in a study examined the eﬀect of nano-
titanium oxide on the properties of hot mix asphalt at high
temperatures. The results show that addition of this nano
to hot mix asphalt can increase their strength against the
rutting phenomenon, therefore, the ﬁnal and permanent
strain of hot mix asphalt is lower compared to the control
mixtures [10].
Tanzadeh et al. in another study examined the eﬀect of
nano-titanium oxide on the rutting performance of hot
mix asphalt. Their study aimed to examine the eﬀect of this
nano on the improvement of bitumen properties and ﬁnally
the hot mix asphalts. Hence, they used the results of wheelPlease cite this article in press as: A. Chelovian, G. Shafabakhsh, Laboratory
asphalt, Int. J. Pavement Res. Technol. (2016), http://dx.doi.org/10.1016/j.ijptruck test. The results showed that using nano-TiO2 in bitu-
men and then using the modiﬁed bitumen to produce the
hot mix asphalts have decreased the rut depth in these mix-
tures compared to the control mixtures [11].
Khodadai et al. in this study have examined the eﬀect of
adding nano-clay on the long-term performance of hot mix
asphalt. Results of indirect tensile test performed on
asphalt cylindrical samples in stresses of 200, 300, 400
and 500 kPa were chosen as the comparison measure
between the control and modiﬁed samples. The results
show that the addition of 1% nano-clay increase the life-
time of hot mix asphalts [12].
3. Materials and methods
3.1. The used materials
Stone material gradation used in this study is the aver-
age gradation proposed by Asphalt Pavement Regulation
of Iran Roads (Publication 234) for stone mastic asphalt
with maximum aggregate nominal size of 20 mm. The lim-
its for this gradation are presented in Table 1. The bitumen
consumed is bitumen 60–70 in Tehran Pasargad Oil
Processing Complex and the basic properties are men-
tioned in Table 2.
In order to prevent the draindown phenomenon in stone
mastic asphalt which occurred according to the space
between aggregates, the cellulose ﬁbers with the amount
of 0.3% hot mix asphalt weight used to produce the hot
mix asphalt. Table 3 shows the properties of Nano Al2O3
used in this study. Nano Al2O3 is produced from Notrino
Company. Fig. 2 also shows the nano used in this research.
3.2. Method for producing bitumen composite
In this study, in order to produce the homogeneous bitu-
men mix, the wet mixing method with auxiliary kerosene
solvent has been used. At ﬁrst, the amount of particular
bitumen is heated to reach the 150 C until it is melt. Then,
it is put in a high shear mixer at a speed of 4000 rpm.
Gradually, the amounts of 0.3, 0.6, 0.9 and 1.2% Nano
Al2O3 dissolved in kerosene solvent and the obtained com-
posite was added to bitumen and after 15 min. of mixing by
the homogenizer and cooling the composite, the required
modiﬁed bitumen was prepared to produce the asphalt
samples (see Table 4).evaluation of Nano Al2O3 eﬀect on dynamic performance of stone mastic
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Table 2
Bitumen 60–70 properties used to produce the samples.
Solubility % Loss of heating % Flash point C Ductility cm Softening point C Penetration 0.1 mm
99.6 0.2 308 102 50 68
Table 3




Particle size (nm) 80
Speciﬁc gravity (g/cm3) 0.90
Solubility (%) 99.0
Fig. 2. Nano Al2O3 used in this study.
Table 4
Equations used for determining the Marshall
Method computational quantities for stone
mastic asphalt.
VMA VMA ¼ 100 GmbpsGsb
Va V a ¼ 100 ðGmmGmbÞGmm
Gmb: Real speciﬁc weight of asphalt sample.
Ps: Percentage of stone materials compared to
the total weight of hot mix asphalt.
Gsb: Real speciﬁc weight of stone materials mix.
Gmm: Real speciﬁc weight of maximum hot mix
asphalt.
Table 5
Results of optimum bitumen percentage for diﬀerent samples of the study.
Sample type Optimum binder content (%)
Control, 0% Nano Al2O3 6.60
0.3% Nano Al2O3 6.80
0.6% Nano Al2O3 6.90
0.9% Nano Al2O3 7.00
1.2% Nano Al2O3 7.20
4 A. Chelovian, G. Shafabakhsh / International Journal of Pavement Research and Technology xxx (2016) xxx–xxx3.3. Program and method for stone mastic asphalt samples
AASHTO proposed the superpave method and rotary
compressor device to produce the stone mastic asphalt.
But due to lack of access to this device in all areas, by mod-
eling many studies conducted in this ﬁeld, Marshall
Method according to ASTM D1552 standard also has been
used to produce the stone mastic asphalt. With the diﬀer-
ence that according to suggestion of Publication 234, thePlease cite this article in press as: A. Chelovian, G. Shafabakhsh, Laboratory
asphalt, Int. J. Pavement Res. Technol. (2016), http://dx.doi.org/10.1016/j.ijpnumber of compressor beats is considered equal to 50
beats, and also in order to determine the percentage of
optimum bitumen instead of considering Marshall strength
measures and the ﬂow and speciﬁc weight of mixtures, only
the percentage of empty space of hot mix asphalt and stone
materials have been determined as measure. These two
measures are deﬁned according to Fig. 4.
Publication 234 suggests that the percentage of stone
mastic asphalt void space should be equal to 4% and the
percentage of hot mix asphalt void space should be at least
17%. By considering two above measures, the amount of
optimum bitumen for diﬀerent samples used in this study
is equal to the values in Table 5.3.4. Tests
3.4.1. Dynamic creep test
Frequent axial load test is used to determine the eﬀect of
hot mix asphalt diﬀerent variables in the amount of
strength against the permanent deformation. In this test,
the load is applied as axial to the samples and permanent
deformation is continuously measured by two sensors. This
test is performed based on British Standard DD226 [13].
The test was conducted on two stresses of 350 and
500 kPa at temperatures of 40, 50 and 60 C. The reason
to choose these temperatures and stresses is that the creep
and permanent deformations occurred in the asphalt at the
above temperatures and stresses. In order to compare the
results between diﬀerent samples, this test has been per-
formed for 3600 cycles. The results are in the form of strain
or ﬁnal permanent deformation which is studied and calcu-
lated for diﬀerent samples.3.4.2. Wheel track test
Wheel track test used to determine the strength of hot
mix asphalts against the permanent deformations at the
critical temperature and under the loading similar to what
is applied in the roads to the pavement surface. Wheel
track test, using sweep move of loaded wheel on the asphalt
samples, determines the rutting potential of asphalt pave-
ments. This is done by measuring the rut depth created inevaluation of Nano Al2O3 eﬀect on dynamic performance of stone mastic
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Fig. 3. Permanent deformation of the samples vs Nano Al2O3 percentage
at 40 C.
Fig. 4. Permanent deformation of the samples vs Nano Al2O3 percentage
at 50 C.
Fig. 5. Permanent deformation of the samples vs Nano Al2O3 percentage
at 60 C.
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the speciﬁed intervals. In this study, the samples with
dimensions of 50  300  300 mm have been used. In order
to perform the test, the samples should be placed in the test
machine and after the necessary adjustments through the
software in the computer connected to the device, the test
is started. In this research, the wheel track test was per-
formed at 40, 50 and 60 C and the applied load is selected
equal to the 500 and 700 N.
3.4.3. Indirect tensile fatigue test (BS 1962-3518)
ITFT test is performed on samples with dimensions of
100 mm and thickness of 40 mm aﬀected by the frequent
loadings with 1 Hz pulses to rupture the sample. The rup-
ture is determined by measuring the amount of sample ver-
tical deformation. The kind of loading in the fatigue test is
performed as linear and along the axis of the sample diam-
eters. Relationships and parameters related to fatigue,
including fatigue life and the number of cycles required
for the failure caused by the fatigue is determined by fati-
gue test using the indirect tensile method. The fatigue test
also ends when the vertical crack is created as a result of
indirect tensile strain repeat in the center of the sample.
The range of stress application in the fatigue test is
50–1000 kPa. Fatigue lifetime of a sample or component
is the number of repetitions required for the sample failure
and depends on many variables such as stress value, stress
direction, the waveform and oscillation, the weather condi-
tions and construction conditions. In this study, the fatigue
test is performed at three temperatures of 5, 15 and 25 C
and three stresses of 150, 250 and 350 kPa to compare
the eﬀect of diﬀerent percentages of Nano Al2O3 on fatigue
life of stone mastic asphalt at diﬀerent temperatures and
stresses [14].
4. Results and analysis
4.1. Dynamic creep test results
Dynamic creep test results have been shown in Figs. 3–5.
The ﬁnal strain shown in the vertical axis of diagrams is
studied as the main output of the dynamic creep test. This
strain is in fact the amount of strain remained after 3600
loading cycles (about 2 h) in the sample. Also, it should
be noted that the remaining strain is the equivalent of per-
manent deformation or the same rutting in the mixtures.
The samples where the ﬁnal strain occurred are more sus-
ceptible to rutting.
Results show that with addition of Nano Al2O3 at all
temperatures and stresses, the ﬁnal strain is reduced. For
example, at the temperature of 40 C and stress of
350 kPa, the amount of ﬁnal strain of stone mastic asphalt
samples modiﬁed with 0.6% Nano Al2O3 is approximately
20% lower than the samples without additives. At this tem-
perature and stress, the samples containing 0.6% additives
have the lowest amount of strain and with addition of more
Nano Al2O3, the ﬁnal strain increased again. Results at thePlease cite this article in press as: A. Chelovian, G. Shafabakhsh, Laboratory
asphalt, Int. J. Pavement Res. Technol. (2016), http://dx.doi.org/10.1016/j.ijptemperature of 40 C and stress of 500 kPa is that the
decreasing trend of control samples ﬁnal strain is continued
to 0.9% additive and at this percentage, the approximately
20% decrease in ﬁnal strain can be seen.evaluation of Nano Al2O3 eﬀect on dynamic performance of stone mastic
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Fig. 6. Rut depth of the samples vs Nano Al2O3 percentage at loading
forces of 500 N.
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decreasing trend of ﬁnal strain is continued with addition
of diﬀerent percentages of Nano Al2O3, so that in the sam-
ple containing 1.2% Nano Al2O3, the amount of ﬁnal strain
is approximately 17% lower than the control samples. The
decreasing trend at this temperature and stress of 500 kPa
is continued to the sample containing 0.9% nano and then
the amount of ﬁnal strain is increased again. The percentage
of optimum Nano Al2O3 at this temperature and stress is
0.9 where about 29% decrease can be seen in the ﬁnal strain.
At the temperature of 60 C and stress of 350 kPa, 0.6%
nano has achieved the best performance for hot mix
asphalts. The amount of ﬁnal strain at this temperature
and stress is about 29% lower than the control sample.
Also, at the stress of 500 kPa and at a temperature of
60 C, the optimum nano percentage is equal to 0.9% and
the amount of decrease is 26% compared to the control
samples.
The results show that the addition of Nano Al2O3 can
decrease the ﬁnal strain and permanent deformation of
stone mastic asphalt. The decrease is in the range of
17–29% that due to the addition of 0.3–1.2% Nano
Al2O3, it could be an amazing amount. Bitumen modiﬁca-
tion with diﬀerent Nano Al2O3 percentages and using new
bitumen mortar to produce hot mix asphalt has led to the
increased adhesion and mortar maintenance in mix, there-
fore, the hot mix asphalt performance is improved in terms
of creep and permanent deformations. Bitumen behavior is
viscoelastic which is a time function behavior. Bitumen
composite and stone materials which are known as hot
mix asphalt, at the medium temperatures are as viscoelastic
and at high temperatures are as visco-elasto-plastic. This
means that hot mix asphalts are susceptible to permanent
deformation. The results show that Nano Al2O3 can
decrease the rutting potential in bitumen, as a result, using
this bitumen mortar can decrease the permanent deforma-
tion in SMA mixtures.
Another important point obtained from the above
results is the impact of temperature on the amount of
dynamic creep. The increased temperature causes enhance-
ment in the plastic properties of hot mix asphalt and in
these conditions, the risk of rutting increases. For example,
at the stress of 350 kPa, the amount of permanent deforma-
tion of stone mastic asphalt samples without additives at a
temperature of 60 C is approximately 1.5 times as the
strain at a temperature of 50 C, and 4 times as the strain
at a temperature of 40 C. As it clear, the diﬀerence in per-
manent strain at the various temperatures is too high and
shows that the samples have greater potential for rutting
at higher temperatures. Many studies attributed the reason
for high sensitivity of hot mix asphalt to the temperature to
the bitumen and suggest that high thermal sensitivity of
bitumen caused these results. Results show that modifying
the bitumen with Nano Al2O3 has signiﬁcantly reduced its
thermal sensitivity and the asphalt samples containing
Nano Al2O3 have proper performance than the control
samples at high temperatures.Please cite this article in press as: A. Chelovian, G. Shafabakhsh, Laboratory
asphalt, Int. J. Pavement Res. Technol. (2016), http://dx.doi.org/10.1016/j.ijpResults show that at diﬀerent temperatures and stresses,
the percentages of 0.6%, 0.9% and 1.2% Nano Al2O3 are
the optimum percentages. But at the time of comparing
the amount of ﬁnal strain reduction for the above percent-
ages at the various temperatures and stresses, this amount
of reduction is compared economically, concluding that in
dynamic creep test the percentage of 0.6% additives among
diﬀerent percentages is the optimum technical and eco-
nomic percentage.
4.2. Wheel track test results
Figs. 6 and 7 show the wheel track test results on the
modiﬁed stone mastic asphalt samples with various per-
centages of Nano Al2O3 at loading forces of 500 and
700 N. Results show that by increasing the Nano Al2O3
percentage, the amount of rut depth is gradually decreased.
The reason for the above reduction can be found at adding
Nano Al2O3 to bitumen and mix. Addition of the nanopar-
ticles to the bitumen due to the high speciﬁc surface can
play the reinforcing factor in the bitumen particles and
increase the strength of bitumen particles to each other.
The above factor can increase the viscosity and adhesion
of bitumen and improve the functional behavior of bitu-
men and decrease its sensitivity to the rutting. Certainly,
using this bitumen to produce the hot mix asphalt can be
the main reason to improve the amount of rut depth in
the modiﬁed stone mastic asphalt compared to the control
samples. Because, the researchers attribute the reason of
hot mix asphalt behaviors to the bitumen used in it. How-
ever, the consuming amount is low and is about 6–7% of
the total weight of the mix.
Comparison shows that addition of more than 0.6%
Nano Al2O3 to bitumen and then using the bitumen to pro-
duce hot mix asphalt at all the above temperatures and
forces increase the rut depth compared to the samples con-
taining 0.6% nano. The increase can be justiﬁed that Nano
Al2O3 in the bitumen could only be useful as an additive
and its excessive addition led to negative results, because
the distance between the particles is gradually increasedevaluation of Nano Al2O3 eﬀect on dynamic performance of stone mastic
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Fig. 7. Rut depth of the samples vs Nano Al2O3 percentage at loading
forces of 700 N.
Fig. 9. Fatigue life of the SMA samples vsNanoAl2O3 percentage at 15 C.
Fig. 10. Fatigue life of the SMA samples vs Nano Al2O3 percentage at
25 C.
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tance of bitumen particles has decreased their strength, so
that with the smallest force, the cohesion and adhesion
between the particles is ruptured and the bitumen does
not have the former adhesion capability.
Results show that at diﬀerent temperatures and loading
forces, the amount of rut depth of asphalt samples contain-
ing 0.6% Nano Al2O3 is about 16–24% lower than the
amount of rut depth in the control samples. Therefore, it
can be said that addition of Nano Al2O3 to asphalt mix-
tures causes the improvement to the amount of 20% in
rut depth.
4.3. Indirect tensile fatigue test results
Figs. 8–10 represent the fatigue life of stone mastic
asphalt per various percentages of Nano Al2O3 at diﬀerent
temperatures. The fatigue life in the indirect tensile fatigue
test is deﬁned as the number of the tolerable cycles of an
asphalt sample to the crack incidence. As a result, the
above ﬁgures represent the number of cycles per various
Nano Al2O3 percentages.Fig. 8. Fatigue life of the SMA samples vs Nano Al2O3 percentage at 5 C.
Please cite this article in press as: A. Chelovian, G. Shafabakhsh, Laboratory
asphalt, Int. J. Pavement Res. Technol. (2016), http://dx.doi.org/10.1016/j.ijpAs the results show, the number of the tolerable loading
cycles of SMA samples at lower temperatures and stresses
is higher. For example, the number of tolerable cycles of
control samples (without nano percentage) at the lowest
temperature and stress which are 5 C and 150 kPa and
the highest temperature and stress which are 25 C and
350 kPa is equal to 25, that shows the great impact of tem-
perature and stress on the fatigue life of hot mix asphalts
and in fact the lower temperature and stress is equivalent
to the greater lifetime of hot mix asphalt. But two above
parameters (temperature and stress) cannot be changed
by the road construction engineers, what is achievable is
ﬁnding a way that even at higher temperatures and stresses
can also prevents the excessive loss of mixtures lifetime.
The results suggest the using of Nano Al2O3 for this
reason. The results show that using 0.6% Nano Al2O3 at
all the temperatures and stresses obtained the highest num-
ber of tolerable cycles for SMA mixtures. The results show
that at various temperatures and stresses, the number ofevaluation of Nano Al2O3 eﬀect on dynamic performance of stone mastic
rt.2016.11.004
8 A. Chelovian, G. Shafabakhsh / International Journal of Pavement Research and Technology xxx (2016) xxx–xxxtolerable cycles of modiﬁed mixtures is 10–20% more than
the control mixtures. Therefore, it can be expected that the
possibility of crack incidence and start of fatigue phe-
nomenon in the modiﬁed mixtures with 0.6% Nano
Al2O3 is signiﬁcantly lower compared to the control
samples.5. Conclusion
In this study, in order to evaluate the eﬀect on Nano
Al2O3 on dynamic performance of stone mastic asphalt,
the various percentages of Nano Al2O3 have been used
and their impact on the performance of hot mix asphalt
have been evaluated by the results of dynamic creep test,
wheel track test and indirect tensile fatigue test. The most
important results of this laboratory research is as
following:
 The results show that with addition of Nano Al2O3 at all
the temperatures and stresses, the ﬁnal strain is
decreased. The decrease is in the range of 17–29% that
due to the addition of 0.3–1.2% Nano Al2O3, it could
be an amazing amount.
 The results show that Nano Al2O3 can decrease the rut-
ting potential in bitumen, as a result, using this bitumen
mortar can decrease the permanent deformation in
SMA mixtures.
 Results show that at diﬀerent temperatures and stresses,
the percentages of 0.6%, 0.9% and 1.2% Nano Al2O3 are
the optimum percentages. But after comparing the
results at the above percentages and by considering the
economic aspect, it is concluded that 0.6% additive is
the optimum technical and economical percentage
among the percentages used in this study.Please cite this article in press as: A. Chelovian, G. Shafabakhsh, Laboratory
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